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Nitrogen-fixing activity in the phyllosphere of 12 species of Tillandsia from different Mexican habitats was evaluated by 
the acetylene reduction assay, and nitrogen-fixing microorganisms were isolated and characterized. The leaves from eight 
of the 12 Tillandsia species examined exhibited nitrogenase activity in enrichment cultures. Among the microorganisms 
implicated-Agrobacterium, Bacillus, Erwinia, Pseudomonas, Rahnella, Vibrio, and Xanthomonas-only Bacillus megathe- 
rium reduced acetylene in pure culture. Our findings suggest that nitrogen fixation in the phyllosphere of the sampled epiphytes 
occurs under suitable conditions and that most of the bacteria involved are primarily soil and water inhabitants. The results 
also suggest a relationship between the composition of the nitrogen-fixing microbial communities grown on the leaf and the 
different development of the leaf area in Tillandsia due to the aerial components (wings) of the trichomes. 

The epiphyte strategy for higher plants was a subject 
of inquiry from the point of view of the source of nutri- 
ment and nutrient absorption mechanisms. In particular, 
the epiphytism of Tillandsia (Bromeliaceae) is especially 
interesting because these neotropical plants have com- 
pletely lost contact with the ground, living in some cases 
on inert supports such as high-tension wires. 

This behavior is possible because the absorbing foliar 
trichome (a structure that characterizes, at different stages 
of its development, the Bromeliaceae) reaches in Til- 
landsia the highest degree of evolution both morpholog- 
ically and functionally. Thanks to these trichomes that 
thickly cover the foliar surface, the Tillandsia do without 
the absorbing function of the roots which, if occurring, 
act only as an adhesion system to the host (Benzing, 1980; 
Brighigna, Cecchi Fiordi, and Palandri, 1990). In some 
species called 'atmospheric', the roots are typically absent 
or poorly developed. 

Once the Tillandsia absorption apparatus has been 
identified (Schimper, 1888; Mez, 1904) and its function- 
ing mode, both at structural (Mez, 1904) and ultrastruc- 
tural level (Dolzmann, 1964, 1965; Brighigna, 1974, 1976; 
Benzing et al., 1976; Brighigna, Cecchi Fiordi, and Pa- 
landri, 1978; Brighigna et al., 1988), has been established, 
it becomes important to know how these epiphytes can 
satisfy their nutritional requirements, particularly for ni- 
trogen. 

The importance of the phyllospheric microflora in nu- 
trition of tropical vegetation is well known (Ruinen, 1961, 
1974). Preliminary investigations to verify the presence 
of nitrogen-fixing bacteria on Tillandsia were carried out 
on specimens acclimatized in greenhouses of the Botanical 
Garden in Florence (Favilli et al., 1975). The results of 
those investigations stimulated further research on nitro- 
gen-fixing associations as soon as we obtained samples of 
12 Mexican species of Tillandsia that had been just col- 
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lected in their growing areas and were thus ecologically 
more interesting. 

In the present work we evaluate further the composition 
of the nitrogen-fixing bacterial microflora and determine 
if a relationship exists between that composition and: a) 
the morphological characteristics of a particular species 
of Tillandsia, which can facilitate its establishment and 
the subsequent development on the leaves; and b) the 
type of habitat occupied by the Tillandsia species. The 
role of the nitrogen-fixing microflora in the nitrogen bud- 
get of the Tillandsia is also discussed. 

MATERIALS AND METHODS 

Sampling-Twelve species of Tillandsia were collected 
in various Mexican localities characterized by different 
climatic conditions. The plants were compared with well- 
determinated samples at Herbario Escuela Nacional de 
Ciencias Biologicas, Instituto Politecnico Nacional, Mex- 
ico City. After greenhouse storage for a few days, the plants 
were sent, by air carrier, to the Department of Botany in 
Florence, where they arrived 20 days after collection. 
Leaves were removed from each Tillandsia and then cut 
longitudinally with sterile forceps and scissors. Pieces of 
leaves were placed in sterile glass containers and brought 
immediately to the lab for microbiological analysis. 

Scanning electron microscopy-Small pieces of the leaf 
blade of each Tillandsia were fixed in a phosphate-buf- 
fered 3% glutaraldehyde solution (pH 7.4), dehydrated in 
an ethanol series, and subjected to critical-point drying 
utilizing a CPD 020 Balzers Union Instrument. The sam- 
ples were coated with gold and observed in a scanning 
electron microscope, Philips 515. 

Transmission electron microscopy -A small quantity of 
Bacillus megatherium biomass isolated from Tillandsia 
bartramii's phyllosphere was fixed in phosphate-buffered 
2.5% glutaraldehyde + 4% paraformaldehyde, postfixed 
in 2% OsO4, dehydrated, then embedded in Spurr's epoxy 
resin. Ultrathin sections obtained using Reichert ultra- 
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microtome U3 were stained with uranyl acetate (Gibbons 
and Grimstone, 1960) then observed under a Philips elec- 
tron microscope 300 operating at 80 kV. 

Media-The combined carbon medium (Rennie, 1981) 
was modified replacing sucrose by glucose and prepared 
in two solutions. Solution 1: K2HPO4, 0.8 g; KH2PO4, 
0.2 g; NaCl, 0.1 g; Na2FeEDTA, 28.0 mg; Na2MoO4 
2H20, 25.0 mg; yeast extract, 100.0 mg; mannitol, 5.0 g; 
glucose, 5.0 g; sodium lactate, 0.5 ml (60% v/v); distilled 
water, 900 ml. Solution 2: MgSO4 7H20, 0.2 g; CaC12, 
0.06 g; distilled water, 100 ml. The solutions were au- 
toclaved separately, cooled and mixed; filter sterilized 
biotin (5 ,ug 1-1) and para-aminobenzoic acid (10 ,g 1-1) 
were added and the final pH was adjusted to 7.0. 

Nitrogen-fixing activity-Nitrogen-fixing activity was 
evaluated by the acetylene reduction method (Burris, 
1974). Small pieces of leaves (1.5-2.0 cm in length) were 
placed in 26-ml glass vials containing 1 ml of sterile dis- 
tilled water and sealed with serum caps. The gas phase 
consisted of air containing 12.5% of acetylene by volume. 
The vials were incubated in light at 32 C ? 2. The ethylene 
formation was measured after 24 hours of incubation by 
gas chromatographic analysis (flame ionization gas chro- 
matograph, Fractovap, Carlo Erba, Italy). Nitrogen-fixing 
activity was evaluated as nmol C2H4 h-I g-I (dry weight) 
of leaf. 

Nitrogen-fixing activity was also estimated by placing 
pieces of leaves in vials containing 5 ml of enrichment 
medium (Rennie, 1981). 

After incubation for 24 hours at 32 C + 2, acetylene 
was introduced into the vials (12.5%) and ethylene for- 
mation was estimated as described above. 

Isolation and characterization of nitrogen-fixing bac- 
teria -Nitrogen-fixing bacteria were isolated from en- 
richment cultures prepared by placing small pieces of 
leaves in vials containing 5 ml of semisolid N-free culture 
medium (Rennie, 1981). After incubation for 24 hours at 
32 C ? 2 the vials were tested by the acetylene reduction 
assay (ARA). The vials showing bacterial growth and ni- 
trogenase activity of more than 10 nmol C2H4 h-' ml-' 
were considered to contain nitrogen-fixing bacteria. Bac- 
teria were isolated from enrichment cultures by successive 
plating on N-free solid Rennie medium (1981). 

The strains isolated were identified using the criteria 
recommended by Krieg and Holt (1984) in Bergey's Man- 
ual of Systematic Bacteriology as well as by using the API 
(Appareil et Proceides d'Identification-API System 
S.A.A., France) tests 20E, 20NE (Rennie, 1980), and 
50CHB (Analytab, 1979; McCarley and Rennie, 1980; 
Logan and Berkeley, 1981, 1984). 

The nitrogen-fixing activity of the isolated strains was 
estimated in vials containing 5 ml of modified Rennie 
medium (1981) from which yeast extract was omitted and 
incubated at 32 C ? 2 under anaerobic or microaerophilic 
conditions. 

RESULTS 

All species of Tillandsia tested, their ecological types, 
collection sites, and habitats are presented in Table 1. In 

TABLE 1. Species examined and collection data 

Species Typea Locality Habitat 

T. albida atm Meztitlan-Mexico Arid 
T. andrieuxii int Amecameca-Mexico Semihumid 
T. bartramii int Oaxaca-Mexico Semihumid 
T. circinnatoides atm Coscatlan-Mexico Arid 
T. deppeana tk Lacuna Atesca-Mexico Humid 
T. gymnobotria tk Acultzingo - Mexico Humid 
T. imperialis tk Puerto del Aire-Mexico Humid 
T. juncea tk Acultzingo - Mexico Humid 
T. macdougallii int Rio Frio-Mexico Semihumid 
T. recurvata atm Meztitlan-Mexico Arid 
T. schiedeana int Tequila-Mexico Humid 
T. usneoides atm Amecameca-Mexico Semihumid 

a atm = atmospheric; int = intermediate; tk = tank. 

'tank' Tillandsia living in humid environments the wide 
and inflated bases of the leaves overlap at the edges form- 
ing niches (Pittendrigh, 1948) in which water is impound- 
ed. Within the tank, organic debris of animal and plant 
origin accumulates. The trichomes of these species are 
thick but have a modest development of the aereal com- 
ponents (wings) which do not overlap, leaving some of 
the leaf area uncovered. 

In the 'intermediate' Tillandsia occurring in mesic and 
semihumid environments, tanks are reduced or absent. 
The leaves are troughlike and are densely covered with 
trichomes, whose highly developed wings overlap to form 
a continuous layer that acts as protection for microor- 
ganisms and significantly increases the leaf area. Leaf epi- 
dermis of T. macdougallii (Fig. 1) is an example of both 
the atmospheric and the intermediate species, for the fre- 
quency of the trichomes and the high development of 
their wings. The 'atmospheric' Tillandsia living in xeric 
environments are tankless and their leaves are covered 
by trichomes having well-developed overlapping wings. 
The T. imperialis, tank, has an epidermal structure typical 
of species from humid habitats. The trichomes have poor- 
ly developed wings that only partially cover the leaf sur- 
face without substantially increasing the leaf area (Figs. 
2, 3). 

With respect to the nitrogen fixation on the leaves of 
the Tillandsia species examined, nitrogenase activity has 
been detected only when leaf pieces were incubated in 
enrichment, N-free medium (Table 2). The microbial spe- 
cies isolated from each Tillandsia species are given in 
Table 3. 

DISCUSSION 

For all epiphytes, especially the tropical ones belonging 
to the Tillandsia, the literature has indicated rainwater 
as a certain and varied source of various nutrients (Tukey, 
1970) because it acts as a vehicle for inorganic salts and 
organic molecules, including nitrogenous compounds, 
leached from the host plant. Moreover, Benzing et al. 
(1976) showed that small organic nitrogen molecules could 
be absorbed by trichomes of Bromeliaceae. 

In the arid zones most of the upper layer of the soil 
that reaches the Tillandsia by means of wind is retained 
on the epiphytes by the trichome wings, as commonly 
observed by epiphyte collectors. The evidence that this 
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Figs. 1-4. 1. SEM image of the adaxial leaf page of T. macdougalli. Note the microhabitat created by the absorbing trichomes. They are close 
set and have highly developed wings. x 84. 2. SEM image of the adassial leaf page of T. imperialis. Because of the scanty frequency of the absorbing 
trichomes and the limited development of their wings the leaf surface remains uncovered. x 230. 3. Detail of an absorbing trichome of T. imperialis, 
SEM. Debris of various kinds of microorganisms persist even after the preparation of the leaf sample. x 2,200. 4. Bacillus megatherium cell isolated 
from the phyllosphere of T. bartramii. The spore and spheric stores (polyhydroxibutyrrate) are evident. TEM photograph. x 18,000. 

debris represents a source of mineral nutrition to the 
Tillandsia (but also of most of the phyllospheric micro- 
flora) is demonstrated by the occurrence of Bacillus and 
Pseudomonas, typical soil inhabitants. 

The nitrogen-fixing activity of the phyllospheric mi- 
croflora can contribute substantially to the nitrogen nu- 
trition of the plants, especially in oligotrophic environ- 
ments (Ruinen, 1965; Vasantharajan and Bhat, 1968; Bhat, 
Limaye, and Vasantharajan, 1970; Edmisten, 1970; Jones, 
1970; Murty, 1983, 1984). 

TABLE 2. Nitrogen-fixing activity on leaves of the 12 Tillandsia species 
examined incubated in enrichment medium (Rennie, 1981) 

Tillandsia species nmol C2H4 h-' g-' (d.w.) leaf 

T. deppeana 662.24 
T. gymnobotria 0 
T. imperialis 65.61 
T. juncea 0 
T. andrieuxii 296.66 
T. bartramii 4,225.38 
T. macdougallii 229.70 
T. schiedeana 2,349.44 
T. albida 0 
T. circinnatoides 8,311.21 
T. recurvata 0 
T. usneoides 548.37 

Even if the phyllosphere is a variable habitat as regards 
the nutrients and the space available, conditions favorable 
for nitrogen fixation, such as high carbon/nitrogen ratio, 
availability of energy sources, optimal temperature, and 
high humidity, are frequently present (Ruinen, 1970; 
Murty, 1984). Tillandsia are able to modify humidity and 
temperature of their leaf-area through the functional char- 
acteristics of the trichomes, whose raised wings reflect 
sunlight (Benzing, 1980), disperse heat (Brighigna, in press), 
and retain little drops of water. Moreover, the establish- 
ment and nitrogen-fixing activity of microorganisms are 
influenced by factors such as microclimate, leaf surface 
morphology, wetability ofthe leafsurface, protection from 
oxygen produced by cohabitating microorganisms, and 
the nutrition value of the foliar leachate (Ruinen, 1974). 
Consequently, the role of the tillandsioid trichome in 
offering a protected environment and an avenue for nu- 
trient exchange between leaf interior and the phyllosphere 
is particularly noteworthy. 

The levels of nitrogen fixation observed confirm the 
presence of a nitrogen-fixing microflora in eight of the 12 
species of Tillandsia examined. The lack of nitrogen-fixing 
activity on four Tillandsia species could be due to one or 
more stress conditions present in the period between the 
collection of the plants and the analysis for nitrogen-fixing 
activity. This is in agreement with the findings that under 
environmental conditions such as long periods of extreme 
sun or drought, nitrogen-fixing bacteria did not adapt well 
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to the foliar environment (Ruinen, 1971; Bentley and 
Carpenter, 1980; Jones, 1982). 

The low diversity of bacteria species isolated from Til- 
landsia collected in different environments indicates a 
lack of specificity among epiphytic microorganisms and 
species of Tillandsia. The presence of Bacillus megathe- 
rium (Fig. 4) on a tank species (T. imperialis), an inter- 
mediate species (T. bartramii), and an atmospheric spe- 
cies (T. usneoides) confirms what Vosnyakonskaya and 
Khudyakov (1960) presented as regards the capacity of 
epiphytic microflora to colonize different plants. 

Among the microbial species found on the leaves of 
Tillandsia, Bacillus licheniformis, B. subtilis, B. megathe- 
rium, and B. brevis constitute the most significant group 
because they are present in 75% of the species examined. 

The predominance of Bacillus species in the Tillandsia 
phyllosphere may be related to sporulation capacity (an 
important characteristic for survival in unsuitable and 
limiting environments), ability (at least for some Bacillus 
species) to synthesize nitrogenase and thus be self-suffi- 
cient, when necessary, as regards to nitrogen nutrition, 
and the high capacity to degrade many complex biopoly- 
mers (assuming such an important role in the biological 
cycles of carbon and nitrogen). Such characteristics ex- 
hibited by the genus Bacillus make it one of the most 
suitable for the extreme environment in which Tillandsia 
lives. However, we note that lacking among the species 
of Bacillus living on Tillandsia are several recognized in 
literature as phyllospheric nitrogen-fixing, e.g., Bacillus 
polymyxa, B. circulans, and B. azotofixans (Ruinen, 1961; 
Kononkov, Umarov, and Mirchink, 1980; Sedlin, van 
Elsas, and Penido, 1984; Balloni et al., 1987). 

It is interesting that Bacillus megatherium, which is 
considered of slight importance as a diazotrophic species 
both in the soil and in the rhizosphere (Kononkov, Una- 
rov, and Mirchink, 1980), was the only species among 
these isolated capable of high nitrogen-fixing activity in 
pure culture. 

All other strains of bacteria isolated did not exhibit 
nitrogen-fixing activity in pure culture yet they have been 
able to grow repeatedly in a nitrogen-free medium. Their 
lack of activity could depend on specific needs that cannot 
always be satisfied in pure culture. Indeed, for some types 
of Bacillus a strict anaerobiosis is necessary; for other 
genera it has been found that long periods of lab culture 
provoke a strong reduction in nitrogenase activity. In 
brief, for many bacterial species the best conditions for 
an active nitrogen fixation are not yet well known. 

The occurrence of microorganisms known to be typical 
of aquatic environments (Rahnella acquatica, Vibrio flu- 
vialis, Aeromonas idrophyla) exclusively on atmospheric 
species is significant. This apparent anomaly could be 
related to the highly accentuated development ofthe wings 
of the absorbing trichomes which may result in a consis- 
tently high level of humidity in the phyllosphere. 

A nitrogen-fixing microflora on the leaves of the Til- 
landsia, in addition to confirming our previous obser- 
vations (Favilli et al., 1975), is of potentially great im- 
portance for the nutrition ofthese plants, if seen in relation 
to the absorbing role of the foliar trichomes. Moreover, 
the nitrogen-fixing microorganisms also contribute to the 
nutrition of other phyllospheric microorganisms (yeasts, 
fungi) which constitute a considerable proportion of the 

TABLE 3. Bacterial species isolatedfrom Tillandsia leaves 

Tillandsia species Bacterial species, 

T. deppeana *Bacillus megatherium, Bacillus licheniformis, 
Bacillus subtilis 

T. gymnobotria Bacillus licheniformis, Vibrio vulnificus, Agro- 
bacterium radiobacter 

T. imperialis *Bacillus megatherium, Pseudomonas cepacia 
T. juncea Bacillus brevis, Bacillus subtilis 
T. andrieuxii Bacillus subtilis 
T. bartramii *Bacillus megatherium 
T. macdougallii Bacillus spp. 
T. schiedeana *Bacillus megatherium, Bacillus subtilis, Bacillus 

licheniformis, Pseudomonas cepacia 
T. albida Aeromonas hydrophylia, Pseudomonas pauci- 

mobilis 
T. circinnatoides Pseudomonas maltophylia, Vibrio fluvialis, 

Xanthomonas maltophylia 
T. recurvata Pseudomonas oryzohabitans, Rahnella acqua- 

tilis, Erwinia spp. 
T. usneoides *Bacillus megatherium 

aThe strains with asterisks exhibited nitrogen-fixing activity in axenic 
culture. 

degradable organic matter. The materials made available 
by the degradation of this organic matter are transported 
via the trichomes to the leaf interior. The role of this 
organic matter is especially important in the tankless spe- 
cies, i.e., those that lack the microhabitat from which the 
Tillands living in a humid habitat obtain the majority of 
their nutrients. In conclusion, our investigations indicate 
that nitrogen fixation in the Tillandsia phyllosphere oc- 
curs only under specific conditions, probably because the 
majority of the nitrogen-fixing bacteria living on the leaves 
are soil or water inhabitants, not well adapted to a foliar 
environment. Nonetheless, the questions relating to ni- 
trogen fixation in Tillandsia phyllosphere still remain open 
and require further detailed investigations. 

LITERATURE CITED 

ANALYTAB. 1979. API 20 E analytical profile index: enterobacteriaceae 
and other gram-negative bacteria. Analytab Products, Plainview, 
NY. 

BALLONI, W., F. FAVILLI, A. MEssm, AND M. R. TREDICI. 1987. Sulla 
microflora azotofissatrice della fillosfera del pino nero (Pinus nigra) 
in Italia. Italia Forestale e Montana 1: 1-9. 

BENTLEY, B. L., AND E. J. CARPENTER. 1980. Effects of desiccation and 
rehydration of nitrogen fixation by epiphytes in a tropical rain forest. 
Microbial Ecology 6: 109-113. 

BENZING, D. H. 1980. The biology of the bromeliads. Mad River Press, 
Eureka, CA. 

,K. HENDERSON, B. KESSEL, ANDJ. SULAK. 1976. The absorptive 
capacities of bromeliad trichomes. American Journal of Botany 63: 
1009-1014. 

BHAT, J. V., K. S. LIMAYE, AND V. N. VASANTHARAJAN. 1970. The 
effect of the leaf surface microflora on the growth and root exudation 
of plants. In T. F. Preece and C. H. Dickinson [eds.], Ecology of 
the leaf surface microorganisms, 581-595. Academic Press, Lon- 
don. 

BRIGHIGNA, L. 1974. The ultrastructure of plasmodesmata in sucking 
scale in Tillandsia. Caryologia 27: 369-377. 

1976. Peculiar adaptations of the plasmamembrane in the 
sucking-scale's done cells of Tillandsia usneoides L. Caryologia 29: 
467-475. 

In press. Essential aspects of the epiphytic strategy of Tillandsia 
(Bromeliaceae). In L. Brighigna [ed.], Atti del Convegno: primo 



July 1992] BRIGHIGNA ET AL.-NITROGEN-FIXING BACTERIA IN TILLANDSIA 727 

contributo dell'Universita di Firenze allo studio delle realtA am- 
bientali dell'America Latina. Florence, Italy. 

, A. CECCHI FIoRDI, AND M. R. PALANDRI. 1978. Ultrastructure 
of the placental epithelium in Tillandsia and its modification in 
connection to anthesis. Caryologia 31: 363-380. 

, - , AND . 1990. Structural comparison between free 
and anchored roots in Tillandsia (Bromeliaceae) species. Caryologia 
43: 27-42. 

, M. R. PALANDRI, M. GIUFFRIDA, C. MACCHI, AND G. TANI. 
1988. Ultrastructural features of the Tillandsia usneoides L. ab- 
sorbing trichome during conditions of moisture and aridity. Cary- 
ologia 41: 111-129. 

BuRRIs, R. H. 1974. Methodology. In A. Quispel [ed.], The biology 
of nitrogen fixation, 9-33. North Holland Publishing, Amsterdam. 

DoLzMANN, P. 1964. Elektronen microskopische Undersuchungen an 
der Saughaaren von Tillandsia usneoides (Bromeliaceae). I. Fein- 
struktur der Kupperzelle. Planta 60: 461-472. 

. 1965. Elektronen mikroskopische Undersuchungen an der 
Saughaaren von Tillandsia usneoides. II. Einige Beobachtungen zur 
Feinstruktur der Plasmodesmen. Planta 64: 76-80. 

EDMISTEN, J. S. 1970. Preliminary studies of the nitrogen budget of a 
tropical rain forest. In H. T. Odum and R. G. Pigeon [eds.], A 
tropical rain forest, Book 3, 211-215. USA E.C., Report Tld 24200. 

FAVILLI, F., S. CAROPPO, L. BRIGHIGNA, AND G. PIcciuRRo. 1975. 
Batteri azotofissatori associati a Tillandsia spp. Atti XVI Congresso 
Nazionale della SocietA Italiana di Microbiologia, vol. 2, 793-799. 
Padova, Italy. 

GIBBONS, I. R., AND A. V. GRIMSTONE. 1960. On flagellar structure in 
certain Flagellate. Journal of Biophysics and Biochemistry 7: 697- 
716. 

JoNEs, K. 1970. Nitrogen fixation in the phyllosphere of the Douglas- 
fir, Pseudotsuga douglasii. Annals of Botany (London) 34: 239- 
244. 

1982. Nitrogen fixation in a canopy of temperate forest trees: 
a re-examination. Annals of Botany 50: 329-334. 

KoNoNKov, F. P., M. M. UMARov, AND T. G. MIRCHINK. 1980. Ni- 
trogen-fixing association of fungi and bacteria. Microbiology 48: 
594-597. 

KRIEG, N. R., AND J. G. HOLT [EDS.]. 1984. Bergey's manual of sys- 
tematic bacteriology, vol. 1. Williams and Wilkims, Baltimore, MD. 

LOGAN, N. A., AND R. C. W. BERKELEY. 1981. Classification and 
identification of members of the genus Bacillus using API tests. In 
R. C. W. Berkeley and M. Goodfellow [eds.], The aerobic endospore- 
forming bacteria: classification and identification, 105-140. Aca- 
demic Press, London. 

, AND . 1984. Identifications of Bacillus strains using the 
API system. Journal of General Microbiology 130: 1871-1882. 

McCARLEY, E., AND R. J. RENME. 1980. A computer program to 
interpret multiple biochemical tests to identify dinitrogen-fixing soil 
bacteria. Revue d'Ecologie et de Biologie du Sol 17(4): 501-507. 

MEz, C. 1904. Physiologische Bromeliaceen. Studien I. Die Wasser- 
Oekonomie der Extrematmosphaerischen Tillandsien. Jahrbucher 
Wissenschaftliche Botanik 40: 157-229. 

MURTY, M. G. 1983. Nitrogen fixation (acetylene reduction) in the 
phyllosphere of some economically important plants. Plant and 
Soil 73: 151-153. 

. 1984. Phyllosphere of cotton: a habitat for diazotrophic mi- 
croorganisms. Applied and Environmental Microbiology 48: 713- 
718. 

PIrrENDRIGH, C. S. 1948. The bromeliad-Anopheles-malaria complex 
in Trinidad. I. The bromeliad flora. Evolution 2: 58-89. 

RENNIE, R. J. 1980. Dinitrogen-fixing bacteria: computer-assisted iden- 
tification of soil isolates. Canadian Journal of Microbiology 26: 
1275-1283. 

1981. A single medium for the isolation of acetylene reducing 
(dinitrogen-fixing) bacteria from soils. Canadian Journal of Micro- 
biology 27: 8-14. 

RUINEN, J. 1961. The phyllosphere. I. An ecological neglected milieu. 
Plant and Soil 15: 81-109. 

1965. The phyllosphere. III. Nitrogen fixation in the phyllo- 
sphere. Plant and Soil 22: 375-394. 

. 1970. The phyllosphere. V. The grass sheath, a habitat for 
nitrogen-fixing microorganisms. Plant and Soil 33: 661-67 1. 

1971. The grass sheath as a site for nitrogen fixation. In T. F. 
Preece and C. H. Dickinson [eds.], Ecology of the leaf surface mi- 
croorganisms, sect. 5, 567-579. Academic Press, London. 

. 1974. Nitrogen fixation in the phyllosphere. In A. Quispel 
[ed.], The biology of nitrogen fixation, 121-167. North Holland 
Publishing, Amsterdam. 

SCHIMPER, A. F. W. 1888. Die epiphytische Vegetation Amerikas. In 
G. Fisher [ed.], Botan Mitteilungen aus den Tropen, vol. 2, 285- 
375. Verlag, Jena. 

SEDLIN, L., J. D. VAN ELSAs, AND E. G. C. PENIDo. 1984. Bacillus 
azotofixans sp. nov., a nitrogen fixing species from Brasilian soils 
and grass roots. International Journal of Systematic Bacteriology 
34: 451-456. 

TuKEY, H. B., JR. 1970. The leachingofsubstances from plants. Annual 
Review of Plant Physiology 21: 305-324. 

VASANTHARAJAN, V. N., AND J. V. BHAT. 1968. Interrelation of mi- 
croorganisms and mulberry. II. Phyllosphere microflora and nitro- 
gen fixation in leaf and roof surfaces. Plant and Soil 28: 258-267. 

VOZNYAKOVSKAYA, Y. M., AND Y. P. KHUDYAKOV. 1960. Species com- 
position of the epiphitic microflora. Microbiology 29: 97-103. 


	Article Contents
	p. 723
	p. 724
	p. 725
	p. 726
	p. 727

	Issue Table of Contents
	American Journal of Botany, Vol. 79, No. 7 (Jul., 1992), pp. 723-841
	Front Matter
	Ecology and Phytogeography
	Role of the Nitrogen-Fixing Bacterial Microflora in the Epiphytism of Tillandsia (Bromeliaceae) [pp. 723-727]
	Genetic Diversity and Spatial Subdivision of Populus tremuloides (Salicaceae) in a Heterogeneous Landscape [pp. 728-736]
	Variation in UV-B Sensitivity in Plants from a 3,000-m Elevational Gradient in Hawaii [pp. 737-743]

	Paleobotany
	Fruits and Seeds of Tribe Gordonieae (Theaceae) from the Eocene of North America [pp. 744-753]
	Silicified Pinus Remains from the Miocene of Washington [pp. 754-760]

	Physiology, Biochemistry, and Cell Biology
	Establishment of Friable Embryogenic (Type II) Callus from Immature Tassels of Zea mays (Poaceae) [pp. 761-764]
	Anatomical and Metabolic Responses to Waterlogging and Salinity in Spartina alterniflora and S. patens (Poaceae) [pp. 765-770]
	Rabl Distribution of Interphase and Prophase Telomeres in Allium cepa not Altered by Colchicine and/or Ultracentrifugation [pp. 771-777]
	Cell- and Tissue-Specific Expression of Rice Histone Gene Transcripts During Anther and Pollen Development in Henbane (Hyoscyamus niger) [pp. 778-783]

	Reproductive Biology
	Heat Injury During Floral Development in Cowpea (Vigna unguiculata, Fabaceae) [pp. 784-791]
	The Genetics of Gender and the Effects of Gender on Floral Characters in Gynodioecious Phacelia linearis (Hydrophyllaceae) [pp. 792-800]

	Structure and Development
	Cyclic Invasion of Tapetal Cells into Loculi During Microspore Development in Nymphaea colorata (Nymphaceae) [pp. 801-808]
	Comparative Flower and Fruit Morphogenesis in Colubrina (Rhamnaceae) with Special Reference to C. asiatica [pp. 809-819]
	Gravity-Induced Effects on Material Properties and Size of Leaves on Horizontal Shoots of Acer saccharum (Aceraceae) [pp. 820-827]
	Localization of Phytochrome During Peanut (Arachis hypogaea) Gynophore and Ovule Development [pp. 828-832]

	Special Paper
	On the History and Characteristics of Some Multiple Discoveries in Botany, 1648-1965 [pp. 833-841]

	Back Matter



